Abstract.-a-Si:H films prepared by d.c. glow discharge of s i l a n e a r e doped with lithium by thermal diffusion a t 450K.
The dark conductivity a t room temperature is found to increase by 4 orders of magnitude upon doping, whereas t h e conductivity activation energy (AE) decreases from 0.62eV to 0.17eV. The thermopower(S) f o r t h e doped films i s found to be negative and a p l o t of S vs l/T has a slope (E of about 0.17eV. The photoconductivity (a h) f o r t h e doped e i l m s i s found t o increase by a f a c t o r of 5. !in some sanples, having a coplanar geometry of electrodes, an e l e c t r i c f i e l d = 103v/cm i s applied between the electrodes immediately a f t e r L i evaporation a t 450K and t h e s a q l e s a r e allowed to cool down t o room terrrperature i n t h e presence of t h e e l e c t r i c f i e l d , This r e s u l t s i n a gradient of L i ions along t h e length of the sanple, a s evidenced by a photovoltage which appears upon shining white l i g h t onto these samples, I n contrast, no photovoltage i s observed in samples, which a r e not subjected t o the e l e c t r i c f i e l d .
I. Introduction.-Lithium a c t s a s a donor i n c r y s t a l l i n e c l ] a s well a s i n hydrogenated amorphous s i l i c o n (a-SirH) [ 23. Beyer et. al. [ 2 1 achieved i n t e r s t i t i a l doping of Li i n glow discharge deposited a-Si:M by thermal diffusion a t 400°C, a s well a s by ion Inplantation. Sang La reported L i doping of vacuum evaporated a-Si which were hydrogenat e by annealing i n a hydrogen plasma before carrying o u t t h e indiffusion of Li a t tenperamre varying between 200 and , 4 0 0~~. Both t h e studies show an increase I n e l e c t r i c a l conductivity by several orders of magnitude upon doping. Further, the thempower measurements of Beyer et. al. show t h a t litihium a c t s a s a donor i n a-Si:H.
W e have c a r r i e d o u t t h e l i t h i u m doping of glow dtscharge depos i t e d a-Si:H by thermal diffusion a t 450K. The room temperature cond u c t i v i t y increases by about 4 orders of magnitude and the photoconductivity (a ) increases by a f a c t o r of 5. The thennopower i s negat i v e f o r theP$ped sanples, i n agreement with t h e e a r l i e r work 121.
I n c r y s t a l l i n e semiconductors a gradient of impurities along t h e length of the sample i s known t o give rise to a photovoltage[4,5j. W e have found t h a t a similar e f f e c t i s observed i n L i doped a-Si :H, i f t h e doped sample i s subjected t o an e l e c t r i c f i s l d a t high temperature and cooled down i n t h e presence of the e l t q t r i c f i e l d , thus giving r i s e t o a gradient of L i ions along the length of t h e sample. I n a sample, with coplanar geometry of electrodes, we observe V Z 100mV upon shining white light. The samples without gradient of %f i o n s show no photovoltage.
The next section describes t h e tenpera t u r e dependence of conductivity and thermopower i n Li doped a-Si:H. The photovoltaic e f f e c t Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19814113 observed i n gradient doped samples i s described i n section 1 1 1 . Section IV contains t h e discussion of the results, 1 1 , Conductivitv and Themmower,-Thin films of a-Si: H a r e prepared by d,c, glow discharge of 3% silane i n Argon, onto corning 7059 glass substrates, a t T s 570K A l l samples a r e heat dried a t 500K f o r two hours i n a v a c u a of 10~' Torr. Samples used a r e 0.5 to lpm thick, For doping, a thin film of L i i s deposited on top of t h e a-Si:H samples a t 450K and kept a t t h a t temperature f o r about 2 hours, The samples a r e then allowed to cool down t o room temperature i n about 4 hours, After L i diffusion the sanples a r e cleaned by d i l u t e W and by vapours of isopropyl alcohol t o remove any excess lithium remaining on the top surface, Al o shown are t h e r e s u l t s from ~e f .2, 111, Photovoltaae i n Gradient Doped a-Si:H.-I n order to obtain a gradient of lithium along the length of the sample an e l e c t r i c f i e l d of about 103~/cm i s applied between the two coplanar electrodes of an a-Si:H sample immediately a f t e r lithium evaporation a t 450K, This field i s kept on during the e n t i r e cycle of in-diffusion, i.e., f o r 2 hours a t 450K and during t h e cool down Such samples, upon shining white l i g h t ( f l u Voc i s found t o be unchanged upon storing the samples i n a desiccator f o r a period of several months and upon annealing i n vacuum a t 450K f o r 2 hours, However, annealing a t 450K f o r 4 hours i n presence of an e l e c t r i c f i e l d with reversed p o l a r i t y (E =. ~o~v / Q~) reverses t h e sign of V . V remains unchanged when only the l i g h t of energy less than 1,5e~?s aftowed t o f a l l on the sample using a c u t off f i l t e r , I i
s however, found t o reduce to about half of i t ' s original value
To check the distribution of photovoltage inside the sample, Voc i s measured a t different points along t h e length of the sanple. I n this m e r i m e n t sanple i s deposited on a substrate having 4 electrodes of width 0. 5mm and with a gap of 5 m between two adjacent electrodes, 
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and undoped a-Si: H films a r e i n good agreement with the published work[g.
Comparison of the d.c. conductivity r e s u l t s with those of Beyer e t . al. f o r t h e Qped samples show t h a t our films contain about 4 a t % L i . Thus it appears t h a t a l a r g e f r a c t i o n of L i atoms remains neutral i n t h e sample. A small f r a c t i o n a c t a s donors, a s i s c l e a r from our thermopower data, The slope of S vs 1/T i s found to be ES '0.17eV which i s the same a s AE. This i s a t variance with the r e s u l t s of Beyer e t . al. who r e p o r t a much smaller ES (=0.04e~). This may be caused by t h e differences i n t h e s q l e preparation. Thus, our thennopower data can be s p l a i n e d i n terms of conduction i n t h e extended states.
The observation of a photovoltage i n s a q l e s subjected t o an e l e c t r i c f i e l d during L i doping, can be understood q u a l i t a t i v e l y i n terms of a gradient of Li i o n s along the sample. Since i d e n t i c a l electrodes i n a coplanar geometry a r e used, t h e contact e f f e c t s and Dember e f f e c t are ruled out, a s the cause of the photovoltage, Since t h e mobility of lithium i n s i l i c o n i s high ( p a r t i c u l a r l y a t high temperatures a t which the f i e l d i s applied), we expect a gradient of L i ions, which might give rise to a b u i l t -i n p o t e n t i a l i n t h e sample. This b u i l t i n potential, which although helps i n separating t h e charged photocarriers, i s q e c t e d to be q u i t e small, since the I-V c h a r a c t e r i s t i c s i n dark is l i n e a r and symmetric. Further, it appears t h a t it i s l i n e a r l y distributed throughout t h e sample a s evidenced by by t h e l i n e a r i t y of the photovoltage along t h e length of the sample, A photostructural change a s t h e cause of photovoltage does not appear plausible, a s t h e l i g h t of low energy K 1 . 5 e~) gives t h e same value of Vo, a s t h e white light. Purther, the s t a b i l i t y of VOc with time and with annealing a l s o supports t h i s p o i n t of view. Moreover* the sign of t h e photovoltage i s consistent with t h e above hypothesis, W e might mention, however, t h a t the large amount of lithium present i n t h e f i l m s might change not only t h e density of l o c a l i z e d s t a t e s but a l s o a£ f e c t the density of conckaction ,and valence band s t a t e s , h i e h n j g h t further: contribute t o t h e photovoltage i n t h e case of gradient doped samples. B u t a quantitative treatment o f these e f f e c t s i s not possible a t t h i s stage, I n conclusion, we have been able t o show that L i a c t s l i k e a donor i n a-Si:H and t h a t a gradient of L i i o n s produces a photovoltage, a s i s observed i n the gradient doped c r y s t a l l i n e semiconductors. [ 27 B e y e r , W. , and Fischer, R., Apple Phys. Letts. 31 (1977) 
